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Introduction
In recent years, the world economic growth has originated an 
excessive increase in the generation of municipal solid waste 
(MSW). The population growth, especially in urban areas, the 
progressive products obsolescence and the generalized use of 
packaging are some of the factors that make waste management 
improvement more necessary than ever. Therefore, citizens as 
well as politicians are becoming aware of this waste generation 
growth and as a result their efforts to improve waste manage-
ment have increased (Castagna et al., 2013; Sakai et al., 2011). 
Identifying and characterizing the factors that determine why a 
local authority opts for a particular way of managing its waste 
collection service is an important issue, warranting research 
interest in the field of MSW management (Plata-Díaz et al., 
2014). In some cases, legislation encourages local authorities to 
take measures to carry out the options that deliver the best over-
all environmental outcome. In this sense, European strategies in 
waste management are related to plans to reduce waste genera-
tion, source separation, valorization, and waste final disposal. 
The European Waste Directive, 19 November 2008 (European 
Commission, 2016) establishes a waste hierarchy which states a 
priority order in waste prevention and management legislation 
and policy. The first step of this hierarchy focuses on prevention, 
followed by re-use, recycling, recovery, and the final waste dis-
posal. In order to achieve satisfactory results in recovering mate-
rials from the MSW, selective collection systems have been 
implemented. Depending on the country, the fractions to be col-
lected can vary and the selective collection systems are organ-
ized in different ways. A careful evaluation of the planning and 
the implementation of the selective collection programs, con-
tributes to decision-making, to the adoption of corrective actions, 
to the confirmation of program performance, and to strengthen-
ing the ties with the target population (Bringhenti et al., 2011). 
The level of recovery of the different waste fractions depends on 
several factors. Waste management planning requires reliable 
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data concerning waste generation, influencing factors on waste 
generation, and forecasts of waste quantities based on facts. But 
first of all, the waste generation pattern of the town should be 
determined. There are several factors, such as physical, geo-
graphical, socio-cultural, economic, and political factors, which 
have an influence in the composition and generation of MSW. 
To manage MSW adequately it is essential to know these varia-
bles as precisely as possible in a specific geographic area 
(Gallardo et al., 2014). Purcell and Magette (2009) hypothesized 
socio-economic variables, housing types, and the sizes and main 
activities of commercial establishments as the key determinants 
contributing to the spatial variability of biodegradable municipal 
waste generation. Suthar and Singh (2015) estimated the quan-
tity and quality of household waste in terms of socio-economic 
groups and family size in Dehradun city, India. Lebersorger and 
Beigl (2011) identified and quantified differences of the MSW 
collection of several towns based on data from waste manage-
ment and on socio-economic indicators. The resulting regression 
model included municipal tax revenue per capita, household size 
and the percentage of buildings with solid fuel heating systems. 
Owusu et al. (2013) examined the willingness of urban house-
holds in Ghana to accept economic incentives to participate in 
solid waste source separation; low-income households were less 
inclined to accept cash incentives than middle-income or high-
income households indicating that factors other than purely cost 
for waste management are important for households to partici-
pate in source-separation of waste. Kesser et al. (2012) took into 
account spatial dependency in determination of the significant 
socio-economic and climatic factors that may be of importance 
for the MSW generation rates in different provinces of Turkey. 
Thanh et al. (2010) evaluated the quantity and composition of 
household solid waste to identify opportunities for waste recy-
cling in Can Tho city, the capital city of the Mekong Delta region 
in southern Vietnam. These authors also analyzed the relations 
between some socio-economic factors and household solid 
waste generation rates by physical categories and subcategories. 
Gómez et al. (2009) analyzed and compared the findings of the 
study of the characterization and the generation of solid waste 
from households at three different socio-economic levels in a 
Mexican city over three periods (April and August, 2006 and 
January, 2007). Akinci et al. (2012) investigated the major com-
ponents and characteristics of the domestic solid wastes as a 
function of economic conditions for a study area, in order to 
define the recycling resources and biomass recovery options, as 
well as to discuss the possible waste management methods for 
these regions. These authors also considered seasonal variations 
as the purity of recyclable and residual MSW is, among other 
factors, strongly influenced by the seasonal variation in MSW 
composition. However, a relatively marginal amount of pub-
lished data on seasonal MSW composition does not provide suf-
ficient information on this phenomenon. Denafas et al. (2014) 
provided results from municipal waste composition research 
campaigns in four cities of Eastern European countries. Mateu-
Sbert et al. (2013) estimated the impact of the tourist population 
on MSW, both total and separately collected, for the period 
1998–2010, for the Mediterranean island of Menorca (Spain) 
using regressions models.
The success of the waste recovery is also related to the stake-
holder’s implication. Therefore, some authors have studied the 
citizen’s behavior in the selective collection process. Swami et al. 
(2011) analyzed the frameworks of waste management behavior 
by examining personality, individual differences, and socio-
demographic antecedents of self-reported waste recycling, reuse, 
and reduction behaviors in Britain. Lee and Paik (2011) exam-
ined the impacts of several factors on recycling and waste man-
agement behaviors, attitudes for recycling and waste management, 
and the respondents’ demographic variables. Gallardo et al. 
(2013) studied the influence of the income level of the families 
on the quantity of paper/cardboard and light-packaging collected 
separately at drop-off points. Results showed that in the zones 
with a medium–high income level the collection rates (in liters 
per inhabitant and year) were higher in both cases than in the 
zones with a medium–low income level. In an econometric anal-
ysis, Jenkins et al. (2003) showed that the average income in 
households had a significant impact on the collaboration in the 
separation of paper.
The aim of this work is to analyze the influence of the income 
level and seasonal variations on the collection and the purity of 
light-packaging wastes collected in a drop-off point, in order to 
establish the adequate preventive measures. To achieve this aim 
two neighborhoods of the same town with a clear difference in 
their income level have been identified. In each zone, the selec-
tive collections of the light-packaging fraction have been moni-
tored during the months of April and October of the same year. It 
consisted in determining the purity of the light-packaging con-
tainers and the possible variation between both periods. Each 
drop-off point has a container for the glass fraction and another 
one for the light-packaging fraction. The research work has only 
been focused on the container of the light-packaging fraction 
because the purity in the other containers was very high (between 
97% and 99%) (Gallardo et al., 2010). In this sense, no signifi-
cant differences were expected in both zones.
Finally, the methodology proposed in this study and the con-
clusions extracted can be extrapolated to other towns with similar 
characteristics. The results will be useful when implementing a 
system of selective collection of MSW, and especially when it is 
applied in towns with sectors of different income level.
Materials and methods
The methodology followed in this research work has several 
steps which are shown in Figure 1. This methodology is also 
explained step by step.
Analysis of the situation
The selected area is Castellón, a middle-sized town located on 
the east coast of Spain, in the Comunidad Valenciana. Castellón 
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has a population of 156,221 inhabitants. The town of Castellón is 
not a touristic town. For this reason, there is not an increase in the 
number of inhabitants with other customs or life style during the 
year. The town is about 6 km from the beach. In summer, around 
30% of the people leave the town and go to the nearby coastal or 
mountain villages and the rest of the people remain at their 
homes.
In this town, waste is basically separated into four fractions: 
paper/cardboard; glass; light-packaging (plastics, metals and 
beverage carton); and mixed waste. The mixed waste is picked up 
from kerbside containers of 1,100 L, with a separation between 
them of 50 m to 60 m, whereas the paper/cardboard, glass and 
light-packaging are collected in 3,200 L containers from drop-off 
points that have a radius of action of 100 m to 150 m (Gallardo 
et al., 2010). The radius of action (Figure 2) is defined as the 
greatest distance from the disposal point in a straight line. In 
every drop-off point, there are usually three containers: one for 
the paper/cardboard; one for light-packaging; and one for glass. 
Nowadays, Castellón has 238 containers to collect paper/
cardboard, 245 containers to collect light-packaging, and 220 
containers to collect glass. People who live in this town usually 
drop their waste in the container next to their homes. Citizens 
drop the garbage in the evening and they walk to the nearest con-
tainer as the radius of action of the containers is 100 m.
Other types of specific waste are also collected separately. 
The electrical and electronic waste equipment (WEEE) are col-
lected together with the bulky waste (furniture and small amount 
of debris) and the hazardous household waste (pots of paint, 
medical X-ray or radiography sheets, etc.) in a local waste facil-
ity for recycling, located at 3 km from the town. Large WEEE 
(such as fridges, washing machines, televisions, etc.) and other 
bulky waste (such as old furniture) can also be collected door to 
door by the collection services after consulting. The batteries, 
fluorescent tubes and medicines are collected in containers 
located at approved establishments (mainly the establishments 
where they were sold). Finally, the clothes waste and the used 
cooking oil are collected at special drop-off points.
Selection of the study areas
Taking into account the citizens’ income, a town can be divided 
into subareas. To analyze MSW generation, several authors 
(Bandara et al., 2007) use four income levels: high income; 
medium–high income; medium income; and low income. Other 
authors, such as Gómez et al. (2009), compare waste generation in 
households at three socio-economic levels (lowest level: 1–2 
times the minimum salary; medium level: 2–5 minimum salary; 
and highest level: more than 5 minimum salary). According to 
Emery et al. (2003), socio-economic levels in the form of different 
types of dwellings have an influence on the final quantities and 
composition of waste disposal, which are in some cases quite sub-
stantial. Castellón cannot be divided into subareas from the citi-
zens’ income point of view because there is no available 
information. Hence, to divide it into areas of different purchasing 
power another strategy is to know the amount of waste that was 
carried out. The town was divided depending on the urban charac-
teristics of the zone as other authors such as Emery et al. (2003) 
proposed. According to the data provided by the Town Council, 
Castellón is divided into 178 land value zones that have been eval-
uated taking into account their location, accessibility, housing 
development, urban services quality, and the real estate market 
dynamics. As a result, each area of the town has its own land eco-
nomic value (€ m-2). Therefore, to carry on this research work the 
town was divided into two areas depending on the land economic 
value. The first zone was considered a medium–high income zone 
(HZ) with land values between 500 €·m-2and 900 €·m-2 and the 
second zone, was the low–medium income zone (LZ), with land 
values between 150 €·m-2and 500 €·m-2.
The distance from the citizen to the container is another factor 
that has an influence on the selective collection systems (Gallardo 
et al., 2010). Consequently, to avoid its influence on the results, 
two subzones with drop-off points with the same radius of action 
were selected. To make a complete work, it was interesting to 
Figure 1. Steps of the methodological work.
Figure 2. Example of drop-off points with radius of action of 
100 m.
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study two areas that met two conditions: they should be large 
enough (to study an elevated number of drop-off points); and 
they should have a radius as small as possible (to have a greater 
amount of waste separated). The radius of action that meets both 
conditions was 100 m (see Figure 2).
According to the Register of inhabitants of the Castellón 
Town Council (2010), the number of inhabitants in the first sub-
zone (HSZ) selected was 10,935 inhabitants which are covered 
by 51 drop-off points. The number of inhabitants in the second 
subzone (LSZ) was 27,227 inhabitants, with 32 drop-off points. 
In the HSZ the buildings have fewer numbers of floors than the 
buildings in the LSZ, consequently there are fewer inhabitants. In 
each drop-off point, there is a container for light-packaging.
Sampling process and determination of 
the purity of the waste
The second part of the research work consisted of determining 
the purity of the waste collected selectively in both zones. The 
purity is defined by the percentage of appropriate materials that 
appear in the container. The bigger is the percentage of these type 
of materials, the bigger will be the purity.
The composition study was then focused on the light-packag-
ing fraction, which is more likely to contain a greater percentage 
of misplaced materials due to the heterogeneity of the materials 
collected and to the lack of information of the population about 
the type of waste that should be dropped in this container 
(Gallardo et al., 2010). Therefore, two sampling campaigns were 
carried out during two seasons of the same year, the first one in 
spring and the second one in autumn with the aim of analyzing 
the possible differences between them. In this geographical zone, 
the seasons of spring and summer are quite similar, and the sea-
sons of autumn and winter are also quite similar. For this reason, 
the months selected to carry out the sampling process were April 
(for the spring–summer season) and October (to represent the 
autumn–winter season). Equations (1) and (2) (Bartlett et al., 
2001) were used to determine the amount of sample needed. 
Equation (1) is as follows
 n
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eX
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

  (1)
where:
n0 is the sample size
t is the confidence level that is determined by α. The confidence 
level used is 95% (α = 0.05), and therefore t = 1.96.
X  is the average
S is the standard deviation.
e is the tolerable level of error of the average. It is an estimated 
value and here it has been considered as 10%.
If the sample size n0 is greater than 5% of the population size, 
the size sample corrected equation (2) (Bartlett et al., 2001) 
should be used
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where N is the population size and n is the new sample size. 
These formulae rely on the assumption of normal distribution. In 
this paper a normal distribution has been assumed, taking into 
account the example of the Standard D 5231-92 (ASTM, 1992).
In the first place, the minimum number of points to be sam-
pled to estimate the composition of the light-packaging stream is 
calculated. The previous data of the average value and the stand-
ard deviation of the light-packaging fraction in the container in 
Castellón have been extracted from the data published by 
Ecoembes (2012; www.ecoembes.es). Using equation (1) and the 
following values: t = 1.96, e = 0.05, S = 5.99, and X = 87.57 
(percentage of light-packaging in the container) the results show 
that no = 7. In the HSZ where N = 51 containers, no is greater than 
5% of N, consequently equation (2) must be used. The final result 
is n = 6. Therefore, samples must be taken at least in 6 containers. 
For the LSZ, the result is n = 6 (N = 32). Subsequently, the com-
position was determined. Two samples were taken in one week in 
each zone in April. In the HSZ, the samples were taken on 
Tuesday morning and Thursday morning, taking 18 kg and 22 kg. 
The samples were homogeneously taken from 6 containers. In 
the LSZ, the process was similar; the samples were taken the 
same days in the afternoon. The samples weights were 19 kg and 
25 kg. In October, the same procedure was carried out. In the 
HSZ 29 kg and 32 kg were taken and in the LSZ 19 kg and 27 kg 
were sampled. The samples were taken, as in the previous cam-
paign, homogeneously from 6 containers. All these data are sum-
marized in Table 1.
All these samples were characterized at the laboratory. In the 
first place, the samples were characterized in metals, plastic, bev-
erage carton and misplaced materials, as shown in Table 2 and 
Table 3. After this first characterization, the misplaced material 
was also characterized. This fraction was separated into several 
materials such as, cardboard, rubber and leather, inert waste, 
organic matter, paper, hazardous waste, clothes and shoes, toys, 
glass and others, as shown in Table 4 and Table 5. Finally, a third 
characterization was done to analyze the composition of the plas-
tic and the metal fractions of the light-packaging containers as 
Figures 3 to 6 show.
Table 1. Data about the sampling process.
April October
 First subzone (HSZ) Second subzone (LSZ) HSZ LSZ
Weight sample 1 (kg) 18 19 29 19
Weight sample 2 (kg) 22 25 32 27
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The waste separation work was carried out by the researchers, 
who have a great experience in this field as they usually charac-
terize waste at the laboratory for waste companies. The waste is 
separated manually with a previous visual inspection except for 
ferrous waste that is separated with magnets. The different types 
of plastics (polypropylene, polystyrene, high-density polyethyl-
ene, and low-density polyethylene) can be separated as all the 
plastic packaging in Europe are categorized by a number from 1 
to 7 according to the ASTM International Resin Identification 
Coding System. The film fraction has been considered as 
Table 2. Waste composition (average and standard deviation) in light-packaging containers in first subzone.
(%) April October
Average Standard deviation Average Standard deviation
Metals 14.0 0.6 15.4 2.9
Plastic 54.0 3.0 56.7 6.1
Beverage carton 15.3 4.7 11.9 1.6
Misplaced materials 16.7 1.1 16.0 7.4
Table 3. Waste composition (average and standard deviation) in light-packaging containers in second subzone.
(%) April October
Average Standard deviation Average Standard deviation
Metals 15.2 5.4 19.0 3.7
Plastic 54.2 2.3 52.4 3.7
Beverage carton 13.5 1.2 17 2.1
Misplaced materials 17.1 6.5 11.6 2.1
Table 4. Composition of the misplaced fraction in first subzone.
(%) April October
Average Standard deviation Average Standard deviation
Cardboard 2.4 0.8 1.2 1.7
Rubber and leather 0.3 0.4 0.6 0.6
Inert waste 0.0 0.0 0.0 0.0
Organic matter 3.4 2.5 3.0 2.5
Paper 3.4 0.5 2.7 0.7
Hazardous waste 2.3 0.9 3.2 2.4
Clothes and shoes 0.1 0.1 0.7 0.9
Toys 0.00 0.00 0.6 0.7
Glass 2 0.7 2.7 3.8
Others 2.8 1.9 1.3 1.6
Table 5. Composition of the misplaced fraction in second subzone.
(%) April October
Average Standard deviation Average Standard deviation
Cardboard 2.6 0.4 2.8 0.1
Rubber and leather 0.1 0.05 0.1 0.2
Inert waste 0.5 0.6 0.0 0.0
Organic matter 5.1 6 0.3 0.3
Paper 2.8 2.2 2.4 2.63
Hazardous waste 1.8 1.6 1.4 1.2
Clothes and shoes 0.4 0.1 3.1 1.5
Toys 0.0 0.0 0.0 0.0
Glass 2.1 0.3 1.2 1.7
Others 1.7 0.6 0.3 0.4
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low-density polyethylene. Nevertheless, this fraction can be 
formed by a mixture of other type of plastics such as polyvinyl 
chloride (PVC) stretch-wrap film. In order to detect if there is any 
difference in the composition between both periods (April and 
Figure 3. Composition of the plastic fraction in light-packaging containers in first subzone, April (left) and October (right).
Figure 4. Composition of the plastic fraction in light-packaging containers in second subzone, April (left) and October (right).
Figure 5. Composition of the metal fraction in light-packaging containers in first subzone, April (left) and October (right).
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October) in each zone, statistical analysis of the data was per-
formed. All the statistical analyses were calculated using the R 
free open source software. In this case, due to the number of data 
per sample being very small (only two characterizations in each 
period and in each zone), a non-parametric test was used. 
Therefore, to detect if there are any differences in both periods 
(April and October) and in each zone (HSZ and LSZ), the 
Wilcoxon rank-sum test was used for each component of the 
waste and zone, with 95% of confidence level (α = 0.05), as in the 
work of Gallardo et al. (2016).
Results and discussion
After characterizing the samples taken in the light-packaging 
containers, results about the waste composition in these contain-
ers were extracted. Table 2 shows the results (average and stand-
ard deviation) of the waste composition in the HSZ (medium–high 
income level) in both periods, April and October, whereas Table 
3 shows the results for LSZ (low–medium income level).
Attending to the results in Table 2, the plastic is the biggest 
fraction in containers in HSZ during April with 54% (S = 3), fol-
lowed by misplaced materials, beverage carton, and metal frac-
tions. In October, plastic is still the biggest fraction with a value 
of 56.6% (S = 6.1) followed by the misplaced fraction. However, 
the metal fraction is the third and beverage carton is the smallest 
fraction. Regarding the misplaced fraction, it can be said that 
there is a similar percentage between both periods of time, 16.7% 
(S = 1.1) in April and 16.0% (S = 7.4) in October.
Results in Table 3 show the composition in containers in LSZ. 
It must be highlighted that the misplaced fraction decreases 
slightly in the second period of the year, from 17.1% (S = 6.6) in 
April to 11.6% (S = 2.1) in October.
As commented before, to determine if there are any differ-
ences in the composition in the containers in both zones, the 
Wilcoxon rank-sum test was used with 95% of confidence level 
(α = 0.05). Results in Table 6 confirm that there are no differ-
ences in April and October between HSZ and LSZ (all the p-val-
ues > 0.05). Therefore, it should be noted that there are no 
differences in the percentage of misplaced materials between 
both zones and in the two studied periods.
To compare and determine if there are differences in the waste 
composition in April and October, the same test has been used for 
HSZ and LSZ. Results in Table 7 show that there are no differ-
ences in the waste composition in the containers in HSZ and LSZ 
in both periods. Consequently, it should be highlighted that there 
are no differences in the percentage of misplaced materials 
between April and October in both zones.
Finally, one of the main conclusions that can be extracted 
from the results is that the percentage of misplaced materials in 
the light-packaging container in both zones is similar. The same 
occurs with the two periods studied. The citizens who collabo-
rated in the waste selective collection in HSZ and in LSZ have 
the same level of knowledge about the correct way to drop the 
waste in the street containers.
Furthermore, in this research work, it has been realized that 
there is a percentage of misplaced material in the containers. To 
explain the reasons for this fact, the misplaced material was ana-
lyzed in the two zones and in the two periods. Table 4 and Table 
5 present the results of the absolute percentages of the materials 
of the misplaced fraction.
In all the cases, paper, cardboard and glass fractions are between 
1.2% and 3.4%. This could be due to the paper/cardboard and glass 
containers being completely full. For this reason, citizens decided to 
place these types of waste in a wrong place, the light-packaging 
container. Another possible reason could be that citizens did not 
know how to place the waste correctly. Organic matter also appears 
in a great percentage (between 0.3% and 5.1%). This fraction was 
present in some packaging. Finally, taking into account the results 
presented in Table 7, it can be said that there are no differences 
between April and October (for each zone) or between zones.
In general, in both zones the annual purity in the light-packaging 
container is very high, 83.6% in the HSZ and 85.6% in the LSZ, if 
it is compared to the average value of the Spanish cities which is 
around 76% (Gallardo et al., 2010). This fact means that the citizens 
in both zones know which type of waste should be dropped in the 
light-packaging container, although this practice can be improved.
Figure 6. Composition of the metal fraction in light-packaging containers in second subzone, April (left) and October (right).
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In all the cases, the plastic fraction represents the biggest per-
centage of recovery. This fraction has also been characterized to 
define the type of plastics that compose it. The following types of 
plastics were separated in the characterization: high-density pol-
yethylene; low-density polyethylene; polyethylene terephthalate; 
polypropylene; polystyrene; and others (mixture of plastics). The 
results of these new characterizations are presented in Figures 3 
and 4. A conclusion that can be extracted is that plastic packaging 
made only by one material is the most common. It could be due 
to two reasons, in the first place, this kind of plastic packaging is 
easily identified by the people and in the second place it is the 
most used. Strikingly, the manual sorting trials suggest that PVC 
is absent in the light-packaging containers. From this fact, it 
could be deduced that this type of plastic would not be present in 
the reject fraction generated. Consequently, it would be very use-
ful to be turned into solid recovered fuel as it has a low content in 
chlorine (Gallardo et al., 2014).
To conclude, in order to detect if there are differences in the 
waste composition, the Wilcoxon rank-sum test was used for each 
of the periods (April and October) and zones (HSZ and LSZ) with 
a 95% confidence level (α = 0.05). The contrast statistical data and 
their associated p- values are shown in Table 6 and Table 7. 
Attending to the results in Table 6 and Table 7, the associated 
p-values of each plastic fraction are greater than α. Consequently, 
it can be assumed that there are no differences in the composition 
of the different types of plastics between periods or zones.
Moreover, the metal fraction was also characterized. In this 
case, three types of materials were separated: ferrous materials; 
non-ferrous materials; and aluminum foil. Figures 5 and 6 show 
the results of the metals characterization. The predominant frac-
tion is the ferrous fraction formed by the packaging of beverages 
and preserved food (tomato, prepared food, seafood, etc.) as in 
Spain the canning industry is very important and its products are 
highly consumed. As mentioned in the case of the plastic frac-
tion, attending to the results in Table 6 and Table 7, it can be said 
that there are no differences between the percentages of the dif-
ferent types of metals in April and October or between the zones, 
since the associated p-values are greater than α.
Conclusions
Two factors that have an effect in the MSW selective collection 
are the citizens’ income level and the seasonal variation. 
Therefore, it is important to take them into account to design a 
selective collection plan.
An experiment has been designed, and it has been imple-
mented in two zones of Castellón de la Plana, covering 38,162 
citizens, to determine how these factors affect the purity of the 
waste collected selectively. The purity of the waste collected has 
been analyzed during two periods (April and October).
Attending to the percentage of purity in the light-packaging 
containers, it was similar in both zones (it varies between 83.6% 
and 85.6%). There were no differences between seasons. This 
fact allows to ensure that people who participate in the selective 
Table 7. Results of the Wilcoxon rank-sum test for each 
zone.
First subzone Second subzone
 W p-value W p-value
Metals 2.0 1.00 1.0 0.67
Plastic 1.0 0.67 3.0 0.67
Beverage carton 3.0 0.67 0.0 0.33
Misplaced materials 2.0 1.00 3.0 0.67
High-density polyethylene 2.0 1.00 4.0 0.33
Low-density polyethylene 2.0 1.00 4.0 0.33
Polyethylene terephthalate 0.0 0.33 0.0 0.33
Polypropylene 2.0 1.00 3.0 0.67
Polystyrene 4.0 0.33 4.0 0.33
Other plastics 0.0 0.33 2.0 1.00
Aluminum foil 4.0 0.33 0.0 0.33
Ferrous 2.0 1.00 2.0 1.00
Non-ferrous 1.0 0.67 2.0 1.00
Cardboard 3.0 0.67 1.0 0.67
Rubber and leather 1.0 0.67 1.5 1.00
Inert waste – – 3.0 0.62
Organic matter 3.0 0.67 4.0 0.33
Paper 3.0 0.67 3.0 0.67
Hazardous waste 2.0 1.00 3.0 0.67
Clothes and shoes 1.0 0.67 0.0 0.33
Toys 0.0 0.22 – –
Glass 2.0 1.00 2.0 1.00
Others 3.0 0.67 4.0 0.33
Table 6. Results of the Wilcoxon rank-sum test for each 
period.
April October
 W p-value W p-value
Metals 2.0 1.00 1.0 0.67
Plastic 2.0 1.00 3.0 0.67
Beverage carton 2.0 1.00 0.0 0.33
Misplaced materials 2.0 1.00 3.0 0.67
High-density polyethylene 0.0 0.33 2.0 1.00
Low-density polyethylene 1.0 0.67 2.0 1.00
Polyethylene terephthalate 1.0 0.67 1.0 0.67
Polypropylene 3.0 0.67 4.0 0.33
Polystyrene 4.0 0.33 0.0 0.33
Other plastics 2.0 1.00 4.0 0.33
Aluminum foil 3.0 0.67 0.0 0.33
Ferrous 2.0 1.00 0.0 0.33
Non-ferrous 0.0 0.33 2.0 1.00
Cardboard 2.0 1.00 0.0 0.33
Rubber and leather 3.0 0.67 3.0 0.67
Inert waste 1.0 0.62 – –
Organic matter 2.0 1.00 4.0 0.33
Paper 2.0 1.00 2.0 1.00
Hazardous waste 2.0 1.00 3.0 0.67
Clothes and shoes 0.0 0.33 0.0 0.33
Toys – – 4.0 0.22
Glass 2.0 1.00 2.5 1.00
Others 3.0 0.67 2.5 1.00
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collection in both zones have the same level of knowledge about 
how to do it. Moreover, in the case of the light-packaging, the 
percentage is even higher than the Spanish average that is 76%.
Regarding the waste composition, it was similar in both zones. 
Additionally, no differences have been found between both sea-
sons. The first conclusion could be due to the fact that Castellón is 
not a touristic town, for this reason there is not an increase of 
population during the year with a different life style. Moreover, 
the zone has a Mediterranean climate characterized by mild win-
ters and hot summers with slight variations of temperatures. From 
the income level point of view, no variations have been found in 
the waste composition. People discard the same type of light-
packaging but these packages contain different kind of goods.
Finally, the methodology and the conclusions extracted from 
this study can be extrapolated to other towns with similar charac-
teristics. The results will be useful when implementing a system 
of selective collection of MSW, and especially to develop actions 
for society in order to achieve participation of everybody in the 
waste collection system.
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